This paper describes the process for confirmation of brain death in adult patients. The process described may not be directly applicable in neonates and infants.
There are four steps in making a diagnosis to confirm brain death. These are: 1. proof of a sufficient cause of extensive brain damage, 2. exclusion of reversible causes of coma, 3. confirmation that neuromuscular conduction is intact, 4. confirmation of absent brainstem reflexes.
It is important that these steps are taken consecutively. Before testing the brainstem reflexes all the other preconditions must be satisfied. Failure to fulfil the preconditions is the most common pitfall'. The reports in which it is suggested that a non-fatal disease or drugs have mimicked brain death have invariably failed to satisfy all the criteria. The effects of sedative and analgesic drugs are well recognized. The effects of drug or disease interfering with neuromuscular transmission are a well described source of potential confusion if neuromuscular transmission is not confirmed to be intace· 3 • Brain death is not the only cause of loss of brainstem reflexes. Brainstem encephalitis may also cause loss of brainstem reflexes but patients can recover after a period of supportive treatment 4 • 5 • The comment by Pallis on patient safeguards remains important. "If in any doubt about the primary diagnosis or the possible contributory roles of reversible factors (drugs, metabolic upset or hypothermia) do not diagnose brain death"'. In these circumstances fourvessel cranial angiography or isotopic scanning of the brain can be used to demonstrate absence of intracranial blood flow.
There is evidence that death is a process rather than an event 6 • 7 whether this is identified by cardiac arrest or the criteria associated with the diagnosis of brain death. For example, some hypothalamic-endocrine function or cerebral electrical activity may continue for a while in patients who meet the criteria for confirmation of brain deaths. It could be argued that the point in this process when a patient is certified as dead is somewhat arbitrary. However, the diagnosis embodies the element of certainty; certainty that there will be no recovery of consciousness and that there is irrevocable loss of functions required to maintain life, including spontaneous respiration.
Proof of Extensive Brain Damage
Mohandras and Chou recognized the need for aetiological preconditions, making these a component of the "Minnesota criteria"9. All the patients they described had known intracranial pathology, 20 of the 25 having brain trauma. Today, proof of a sufficient brain pathology from a computed tomography scan of the head, angiography or magnetic resonance imaging (MRI) is usual. The patient history, clinical course, intracranial pressure monitoring and other forms of monitoring of brain function create an environment in which suspected brain death needs to be confirmed. In some circumstances, for example after drowning or a prolonged witnessed cardiac arrest, the history, record of attempted resuscitation and clinical course during a period of close observation and the absence of any reversible factors, allow a diagnosis of intracranial hypoxic-ischaemic damage to be made with certainty without additional investigations.
Exclusion of Reversible Causes of Coma
Coma is a condition in which neither arousal nor awareness is present. Exclusion of irreversible coma includes the exclusion of any drug-related or metabolic cause for coma and a period of observation. A list of metabolic and endocrine causes of coma is shown in Table 1 . This may not be exhaustive. Loss of metabolic and endocrine control may occur after brain death, but it is important that any abnormalities of plasma electrolytes, glucose or body temperature are corrected so that clinical assessments are made under normal physiological conditions. If drugs or a metabolic cause are contributing to coma, there is a possibility that time or treatment may fully or partially reverse the coma. Loss of normal body temperature and blood pressure control are common after brain death has occurred. Poikilothermia tends to cause a gradual fall in body temperature towards ambient temperature with resulting hypothermia. Vigorous rewarming measures may, however, cause body temperature to increase above the normal range unless care is taken and body temperature is monitored closely. It is recommended that core body temperature should be not less than 35 QC when clinical assessments of coma and brainstem reflexes are carried out.
Hypotension or a low cardiac output can also cause difficulty in the diagnosis of brain death because reduced cerebral blood flow can alter consciousness. Infusion of fluids and inotropic drugs may be needed to maintain blood pressure. Such treatment will usually be indicated in any case to preserve organ function for the potential benefit of the patient until death has been confirmed.
Drugs with an effect on a patient's conscious state may have been given earlier in the patient's course for sedation or analgesia. A period equal to four times the excretion half-life of the drugs used should be allowed to ensure that they are no longer contributing to impaired consciousness, remembering the effect that altered renal or hepatic function may have on drug excretion. Alternatively, drug plasma concentrations can be measured to demonstrate that these are well below those known to cause coma. When the circumstances are such as to suggest any possibility of a drug overdose, residual effects should be excluded by toxicological screening.
Importance of Neuromuscular Junction Function
A peripheral nerve stimulator is used to demonstrate that a response to pain is possible. Prolonged, profound paralysis following the use of neuromuscular blocking drugs 'O has been reported. A five-second tetanic stimulus producing a sustained muscle contraction without any evidence of fade is more informative than an unquantitated train-of-four.
Clinical Examination of Brainstem Reflexes
The possibility of withdrawing support based on clinical examination emphasises the extreme importance of this procedure. A response at any stage is an absolute indication to terminate the confirmation of brain death. The first formal examination is undertaken when the patient has been observed to have fixed pupils and a complete absence of cranial nerve reflex responses for at least four hours. Prudence dictates that re-examination be delayed for at least two hours.
Proceed to examine the pupillary response to light, corneal reflexes, oculocephalic reflex (Doll's head); oculovestibular reflex (caloric), cough and gag reflex, and apnoeic response. The order of examination is optional with the exception of the apnoeic response which must always be the final step.
The Pupillary Response to Light
A history of pre-existing abnormalities of the pupil (e.g. Holmes Aidie pupil in which there is an absent or delayed response to light) or previous surgery to the eye (e.g. iridectomy) should be sought. Artificial eyes have embarrassed many.
Each eye must be examined with the lights in the patient's room or area of the intensive care unit dimmed. Both eyes are closed initially to exclude the possibility of a consensual response minimizing the constrictor response. One eye is opened and a bright focussed light shone into the eye being tested. It is good clinical practice to approach the eye from the side in order to avoid an accommodation response, though this is not an issue in comatose patients. The pupil should be observed closely for a minute to allow time for a slow response to become evident. The procedure is then repeated for the other eye.
The normal response is brisk constriction of the pupil. A small amount of rapid alternating dilatation and constriction before the pupil size settles down is a normal variation. If there is doubt about movement of the iris, its movements can be seen more clearly through a magnifying glass or using an ophthalmoscope with a bright light and focussing on the anterior chamber.
Damage to the third cranial nerve outflow interrupts the parasympathetic efferent fibres and dilates the pupil. The size can depend on the completeness of the Anaeslhesia and Intensire Care, 1/0/.23, /\/0. I, February, 1995 interruption. Destruction of the third nerve nuclei in the midbrain is usually bilateral because the nuclei on both sides are very close to each other. This interferes with both the sympathetic and parasympathetic (Edinger-Westphal nucleus) innervation of the pupil resulting in mid-position (3-5 mm) fixed pupils.
Both widely dilated and mid-position fixed pupils are seen in brain dead patients. In several studies the proportion of patients with pupils less than 6 mm in diameter and brain death according to all other criteria" has been between 24 and 850/0. In some of these patients the pupils were described as small or unequal. However, all agreed that widely dilated pupils are not a necessary criterion for brain death, but fixed pupils with no response to light are mandatory.
Corneal Reflex
Sensation to the cornea is supplied through the ophthalmic division of the fifth cranial nerve. The normal response to stimulation of the cornea is mediated through the facial or seventh cranial nerve with blinking of the eyelids due to contraction of the orbicularis oculi. Corneal stimulation usually causes a bilateral blink, but when the response is reduced blinking may occur only on the side stimulated.
Contact lenses must be removed, if present, before this reflex is tested. It is usual to test the corneal reflex by touching the cornea with a wisp of cotton wool. If this fails to elicit a response, stronger stimuli are applied by dragging a wisp of cotton wool across the cornea, then using a cotton bud or sterile throat swab with firm direct pressure. Both eyelids must be observed for any response as the cornea is stimulated.
Repeated corneal stimulation is unnecessary and to be avoided. Corneal abrasions are undesirable if the patient is a potential corneal donor.
Fifth and Seventh Cranial Nerves
The These do not indicate brain function. Conversely, absent responses to pain applied peripherally could be the result of a high cervical cord injury.
Oculocephalic Reflex (Dolfs head eye phenomenon)
This test must not be performed in patients with an unstable cervical spine. Head rotation with the patient supine stimulates the labyrinthine semi-circular canals, the otoliths and neck muscle proprioceptors 1 l, but in unconscious patients the eye movements induced by head rotation are principally caused by the effects on the semi-circular canals.
The examiner holds the patient's eye open. The patient's head is turned approximately once per second using position-step stimuli. That is, the head is turned suddenly from the starting position to a new steady position and then turned briskly to the opposite side, remaining in this position for a short time before the next sudden turn. Each steady position should be held briefly while the position of the eyes is observed. Both horizontal and vertical movements can be tested in this way.
The reflex is absent when the eyes move with the head and do not move within the orbit. When the reflex is intact the eyes turn opposite to the side of head movement as if lagging behind, as seen with a child's doll, and may then return gradually to the starting position. When testing brainstem reflexes to confirm brain death, any eye movement of even one eye excludes the diagnosis.
Gag Reflex
A tongue depressor is used to stimulate each side of the oropharynx and the patient observed for any pharyngeal or palatal movement.
Cough Reflex
A suction catheter is introduced into the endotracheal or tracheostomy tube to deliberately stimulate the carina. The patient must be observed closely for any cough response or movement of the chest or diaphragm.
Oculovestibular Reflex (caloric response)
Before testing the oculovestibular reflex, both ears must be inspected using an auroscope to confirm that the tympanic membrane is intact and that the external auditory canal is not obstructed by wax, or other material. Wax obstructing a clear view should be removed with gentle irrigation. If the external auditory canal cannot be cleaned easily, specialist assistance may be required. A fractured base of skull resulting in blood, cerebrospinal fluid or brain tissue in the external auditory canal is a contra-indication to performing this test on that ear. If the ear drum is chronically perforated the test can be performed using cold air as the stimulus.
Caloric stimulation through the external auditory meatus causes convection currents in the vestibular endolymph that displace the cupula of a semi-circular canal. The canal stimulated depends on the orientation of the head. The patient's head is placed in the midline and elevated 30° from the supine position. This ensures that the lateral semi-circular canal is vertical, maximizing the response. A soft catheter is introduced into the external auditory canal for gentle, slow irrigation with at least 50 ml of iced water while the eyes are held open by an assistant. The eyes should be observed for a minute after irrigation is completed before repeating the test for the opposite side. Caloric stimulation provides a greater stimulus than head rotation (oculocephalic reflex) because of the more sustained stimulus and perhaps also the arousing effect of the cold wat~r. In unconscious patients an intact oculovestibular reflex causes tonic deviation of the eyes towards the irrigated ear. During testing to confirm brain death, any movement of one or both eyes, whether conjugate or not, excludes a diagnosis of brain death. When the reflex is absent the eyes remain fixed.
Combined iced water caloric stimulation and head rotation has been suggested as the most profound stimulation for deeply unconscious patientsl4.
Apnoea Test
Apnoea testing is an essential part of the confirmation of brain death. It should only be done when all the other pre-conditions have been met and all other brainstem reflexes are absent. It is not possible to perform the apnoea test in patients with a high cervical cord injury that has, or may have, abolished phrenic nerve function. In such patients additional tests to demonstrate absent intracranial blood flow may be needed to determine brain death.
Although the concept of apnoea is a simple one, the procedures involved in testing for apnoea have been intensely debated and subject to considerable investigation. The three components of this test are: 1. the absence of spontaneous respiratory efforts during a period of disconnection from mechanical ventilation, 2. arterial carbon dioxide tension must reach a critical point during this period, 3. prevention of hypoxaemia during this period.
Issues that have been addressed are the arterial carbon dioxide tension that must be achieved (Table   2) , the starting P aC02 before disconnection, the rate of rise in PaC02 during apnoea (Table 3 ) and the methods for prevention of hypoxaemia. Proof of apnoea-absence of spontaneous respiration-requires the clinician to observe the patient during a period of disconnection from mechanical ventilation. This period must be long enough to ensure that the arterial carbon dioxide tension rises acutely and exceeds the threshold needed to stimulate respiration, The potential hazards of hypoxaemia should be avoided by apnoeic oxygenation. If oxygen is not supplied during the period of apnoea patients may become hypoxic I5 ,16. The methods recommended for apnoeic oxygenation include: 1. delivering oxygen at 6l!min '4 or 4l!min '7 by catheter into the trachea. At higher oxygen flow rates partial clearance of carbon dioxide may occur. If a tracheal catheter is used, care is needed to ensure it is not endobronchial. This can be achieved by taping it after insertion at a distance equal to the length of the endotracheal tube. A tracheal catheter must be small enough to ensure there is room for expiratory gas flow around it.
Rate of rise of arterial carbon dioxide tension during apnoea

delivery of oxygen at 6l!min via a T-piece connected
to the endotracheal tube 's . Either of the above methods of supplying oxygen after disconnecting the ventilator should follow 10 to 30 minutes of ventilation with 100070 oxygen l9 • Before disconnection it is stated that the P a C0 2 should be greater than or equal to 36 mmHg and the pH less than or equal to 7.44. The UK guidelines'2 state that the PaC02 must normally reach at least 50 mmHg to ensure it rises above the threshold for stimulating respiration. Pallis 20 re-emphasises a view that this is an adequate level, based on a report by Ropper and others 2 '. This report included 32 patients who met the usual criteria for brain death and just four patients with severe brain damage in whom spontaneous respiration always began at arterial C02 tensions less than 40 mmHg. The same report records that P aC02 increased by an average (± SD) 2.6 ± 0.85 mmHg/min in brain dead patients and pH decreased by 0.02 ± O.Ollmin. In the patients with spontaneous respiration, respiration started at a lower P aC02 when the arterial oxygen tension was "low" than when it was "high".
It appears however, that there is some difference of opinion between UK authorities. Jennett 22 cites the work of Schafer and Caronna 23 in endorsing a tenminute period of disconnection from mechanical ventilation to ensure a P aC02 of at least 60 mmHg providing the starting value was more than 30 mmHg. Schafer and Caronna studied ten "apparently brain dead subjects". Three of these patients developed spontaneous respiration after 1 to 4.5 minutes of apnoeic oxygenation. At the time spontaneous breathing started the P aC02 ranged from 45-56 mmHg and arterial pH from 7.29 to 7.42. The increase from the starting P aC02 was 7 to 23 mmHg. They concluded that apnoea can be safely diagnosed only when a P aC02 of 60 mmHg cannot stimulate spontaneous respiration.
The US guidelines 2 • incorporate the recommendation that the P aC02 should exceed 60 mmHg during apnoea testing. This is echoed in other publications from the United States 18 ,19,25,26. Belsh and colleagues'8 confirmed in a group of twenty patients suspected of being brain dead that the P aC02 would increase to at least 60 mmHg (range 60-101 mmHg) after ten minutes of apnoeic oxygenation from a baseline of 36 to 53 mmHg. During the same period arterial pH decreased from between 7.19 and 7.44 to a range of 6.99 to 7.24. One of their patients had spontaneous respiratory movements during apnoea testing. These occurred after three minutes disconnection when P aC02 was 49 mmHg. al-Jumah and others 26 reported that 22 out of 23 patients achieved a P aC02 greater than 60 mmHg after ten minutes of apnoeic oxygenation during ventilator withdrawal in the course of confirming brain death. The remaining patient had a P aC02 of 59 mmHg. In all patients the pre-apnoea PaC02 was 35 to 45 mmHg. They also noted that the bulk diffusion Anaesthesia and Intensive Care, Vol. 23, No. I, February, 1995 technique of apnoeic oxygenation did not necessarily prevent hypoxaemia in patients with lung disease. In five patients the P a02 was less than 100 mmHg after ten minutes of apnoea despite pre-oxygenation with 100070 oxygen before the apnoea test. In three of these the P a02 was less than 60mmHg by the end of the tests and an additional patient did not complete the study because of severe hypoxaemia (P a02 23 mmHg) and hypotension. In another study which included nine patients meeting all other criteria for brain death, Ebata and others 27 found the P aC02 increased from a mean (± SEM) of 45 ± 1 mmHg to 78 ± 3 mmHg after ten minutes of apnoeic oxygenation. The change in pH was 7.37 ± 0.01 to 7.17 ± 0.02. It is implied that all patients had a P aC02 in the range 60 to 80 mmHg.
The starting P aC02 before the period of apnoea starts is important. When patients have been hyperventilated to a P aC02 less than 30 mmHg before disconnection, the P aC02 after ten minutes of apnoea may still be well under 50 mmHgl5, stressing the need either for normocapnia at the start of the test or for a longer period of disconnection from the ventilator. Schafer and Coronna 23 have also found that if the P aC02 is more than 30 mmHg before apnoea and the patient is normothermic, the P a C0 2 is always over 60 mmHg at ten minutes. Further observations by Benzel and colleagues 2S in twenty patients who met the neurological criteria for brain death also support such a policy with this group concluding that a high baseline P aC02 increased the efficiency and safety of the apnoea test.
A P aC02 greater than 60 mmHg at the end of the period of apnoea was included in published guidelines for confirming the absence of respiration during the diagnosis of brain death from an Australian hospital in 1979 28 but the Australian code of practice from the NHMRC 29 repeats the statement from the UK guidelines'· that a P aC02 of 50 mmHg is sufficient to exceed the threshold needed to stimulate respiration. The statement and guidelines from the Australian and New Zealand Intensive Care Society on brain death and organ donation recommend an arterial PC02 greater than 60 mmHg and an arterial pH of less than 7. 30 30 . There is acknowledgement that patients with chronic respiratory disease and carbon dioxide retention need special consideration because of their reduced response to increases in PaC02 and potential dependence on an anoxic drive to respiration I2 ,2o.22, In practice, few of these patients will be suitable solid organ donors because of age and multi-system disease, so death will normally be determined by other criteria.
Haemodynamic changes are observed fairly commonly during the apnoea test I5 ,18,23,27. Both increases and decreases are seen in arterial pressure and heart rate. Plasma noradrenaline concentrations increase during apnoea 2 " suggesting a sympathoadrenal response at spinal level in response to acute hypercapnia. Similar spinal reflexes are believed to be responsible for the tachycardia and hypertension sometimes seen with skin incision in brain dead organ donors 3 '.
In summary, the published patient database on which current recommendations for apnoea testing are founded is not large. These recommendations have, however, passed the test of ten to fifteen years of clinical practice. Published English language guidelines base their test of a sufficient stimulus to stimulate respiration on a P aC02 value. If there is no spontaneous respiratory effort during a period of disconnection from mechanical ventilation with apnoeic oxygenation during which the P aC02 increases to over 60 mmHg, it may be concluded that spontaneous respiration is absent. If the patient is normothermic with a PaC02 of 35-40 mmHg, this should occur after little more than ten minutes of apnoea.
The procedure we recommend for apnoea testing is as follows:
The patient should be pre-oxygenated with 100% oxygen for at least ten minutes. When the patient is disconnected from the ventilator 100% oxygen should be delivered through a tracheal catheter, T-piece connected to the endotracheal tube, reservoir bag system or other source of 100% oxygen at 6//min. Arterial oxygenation should be monitored using pulse oximetry and should not become less than 90% if it is intended to restart mechanical ventilation. Apnoeic oxygenation should continue during a period of observation which allows the PaC02 to increase to at least 60mmHg. This will nearly always have occurred after ten minutes apnoeic oxygenation during normothermia from a starting PaC02 of 35 to 40 mmHg.
Testing Brainstem Reflexes in the Presence of Trauma to the Head and Neck
Severe head and facial injuries can make it impossible to test all the brainstem reflexes. An unstable cervical spine injury precludes assessment of the oculocephalic reflex, but similar pathways are tested with a stronger stimulus during testing of the oculovestibular reflex. Such restrictions on testing of brainstem reflexes could limit ability to confirm brain death clinically. It is suggested there is sufficient redundancy in the tests to allow brain death to be confirmed 5 provided that there is no doubt about the preconditions and provided that apnoea has been rigorously confirmed. There is no reported consensus on the minimum number of brainstem reflexes, other than apnoea, that should be testable. In practice, facial and head injuries affect ability to test pupillary and corneal reflexes, through severe facial and periorbital swelling or direct eye injury, or the oculovestibular reflex, because of cerebrospinal fluid otorrhoea or occlusion of the external auditory canal. All testable cranial nerves, bilaterally, should be examined whenever possible. Exclusion of the reflexes, through injury or obstruction, must be considered in the light of all circumstances, on a case by case basis. If in doubt, four-vessel angiography or other means of documenting absent intracranial blood flow should be used to provide confirmatory evidence.
Repeat Testing
Repeat testing demonstrates the irreversibility of the absence of brainstem reflexes. A minimum of two hours is suggested between examinations. When organ donation is being considered it is a statutory requirement that this be by a second registered medical practitioner, with some Australian States specifying the specialty or experience of the medical practitioners certifying brain death. In Australia and the United Kingdom there is no prescribed interval between sets of brainstem reflex tests. In France there must be 24 hours between the two sets of tests 32 • In practice the interval is usually determined by clinical circumstances with there being little hard evidence on which to base a minimum recommended period.
CONCLUSION
The clinical criteria for the confirmation of brain death have stood the test of more than eighteen years of scrutiny and clinical practice. Application of the criteria with care and diligence provides important safeguards for individual patients and the community in general. They also allow death to be diagnosed with certainty before circulatory arrest has occurred. This shortens the period of uncertainty and anticipation of death which can be distressing to the patient's family and friends when continuing support is clearly futile. Solid organ transplantation has become possible through the diagnosis of brain death, but it is not the primary consideration.
